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Purpose: This retrospective study aimed at investigating the indications, the surgical techniques and
clinical results of treatment for unstable subtrochanteric fractures with reverse Less Invasive Stable
System-distal femur (LISS-DF).
Methods: A total of twenty-six unstable subtrochanteric fracture patients were ﬁxed with reverse LISS-
DF from April 2005 to April 2008, including 17 (65%) males and 9 (35%) females with an average age of 43
years (ranged 35e56 years). Among them, 15 (57.7%) patients suffered road trafﬁc accidents, and the
remaining 11 (42.3%) patients had fall-related injuries. There were 16 patients with 32-A3.3 type, 4 with
32-A3.1 type and six with 32-A2.3 type fractures according to the AO classiﬁcation.
Results: All patients were followed up after surgery for 28 months (ranged 24e35 months). All of the
incisions healed primarily, and no postoperative complications were found, such as coax vara and
femoral head perforation of screws. The average recovery time of all patients was 4 months (ranged 2e7
months), and the average Harris score was 85 points (ranged 71e98 points).
Conclusions: Reverse LISS-DF is an effective operation for treatment of unstable subtrochanteric femoral
fracture (AO classiﬁcation, 32-A3.3, 32-A3.1 and 32-A2.3). Its advantages are minimal blood loss and
reliable ﬁxation.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Subtrochanteric fractures are deﬁned as the fractures occurred
in the region extending from the lesser trochanter to 5 cm distal to
the lesser trochanter [1]. Subtrochanteric femoral fractures account
for 2e5% of all the proximal femur fractures [2]. Although the
incidence of subtrochanteric femur fractures compromises a small
percentage of the total number of femur fractures that occur, they
are important secondary to the challenging biomechanical and
anatomical characteristics [3]. Due to the powerful muscle forces
acted on the fragments as well as the tremendous stress located in
the fractural region, it is difﬁcult to treat the subtrochanteric
femoral fractures. Besides, the relatively high incidence of hypo-
volemic shock in fracture of the proximal femurmight lead to death
[4].
Subtrochanteric femoral fractures occurred both in young and
old people. In young patients, these fractures result from high en-
ergy trauma, and most cases are associated with multiple injuriesby Elsevier Ltd. All rights reserved[5]; in elderly patients, they are often caused by low energy trauma
for osteoporosis [6]. Surgical treatment is the vital and unques-
tionable approach for subtrochanteric femoral fractures. Intra-
medullary nail ﬁxations have been widely used in subtrochanteric
femoral fractures due to their shorter operative time, minimal
blood loss and better biomechanical properties. In recent years,
many intramedullary implants have been developed for operative
treatment of subtrochanteric femoral fractures, including long
proximal femoral nail [7], gliding nail [8,9] and dynamic hip screw
[10,11]. However, due to the powerful muscle forces acted on the
fragments as well as tremendous stress of subtrochanteric femoral
fracture, intramedullary devices have been shown to have a mini-
mal failure rate due to its rigidly axial and rotational stability [12e
14].
As an alternative technique in management of unstable femoral
fractures, the well-known reverse Less Invasive Stabilization Sys-
tem-distal femur (LISS-DF) is used for managing unstable femoral
fractures [15,16]. The goal of this study was to report the intra-
operative indications, the surgical techniques and the post-
operative outcome of treating for unstable subtrochanteric frac-
tures with reverse LISS-DF..
Fig. 1. Preoperative anteroposterior (a) and lateral (b) radiographs.
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2.1. Clinical material
We retrospectively analyzed 26 patients with unstable sub-
trochanteric femoral fractures who were treated by using reversed
LISS-DF approach from April 2005 to April 2008. Their mean age
was 43 years (ranging from 35 to 56 years). Seventeen patients
(65%) were male and 9 (35%) were female. A total of 15 (57.7%)
fractures were caused by road trafﬁc accident and 11 (42.3%) frac-
tures were injured in a fall from standing height. All of the patients
were closed fractures. The fractures were classiﬁed according to the
AO (Arbeitsgemeinschaft für Osteosynthesefragen) classiﬁcation
for trochanteric femur fractures (32-A1.1eA3.3), there were 16
patients with 32-A3.3 type fractures, 4 with 32-A3.1 type fractures
and 6 with 32-A2.3 type fractures.2.2. Surgery method
All patients were in supine position on an orthopedic traction
operating table, and surgery was conducted with patients under
general anesthesia. During the surgical procedure, traction and
rotationwere used to achieve andmaintain reduction as seen in the
anteroposterior and lateral views, paying attention to the neck-
shaft angle, anteversion angle and the force line of lower limb as
well as satisﬁed “C” arm ﬂuoroscope.
After basic fracture reduction, a longitudinal incision (6e8 cm)
was cut just distally from the greater trochanteric ridge. The fascia
lata was sliced off, and muscle ﬁber was separated. Subsequently,
the greater trochanter was exposed. After choosing the appropriate
LISS plate, the plates were reversed (i.e. a left sided LISS plate was to
be used “upside down” for the right femur) to insert through the
proximal incision, and slide down distally beneath the muscle tis-
sue with stripping the periosteum of the lateral femur using as-
sistant tools, such as periosteal elevator, hook, release link
associated with LISS-DF. Then, the plate was maneuvered onto thedistal fragment through a short distal incision, and proper place-
ment of the plate, frontal and rotational alignment were checked
using radiographs in this position. Kirschner wires were used for
temporary ﬁxation of the plate in the proximal and distal location
of the plate, noticing the location of Kirschner wires whether af-
fects the placement of the plate. After reduction and proper
placement of the plate, the locking screws were used for stabili-
zation. Generally, four or ﬁve locking screws were placed in the
proximal femur, and four locking screws were in the distal femur
(Figs. 1e3).
2.3. Postoperative treatment
The wound was irrigated and closed over a suction drain. All
patients received perioperative prophylactic antibiotics until drains
removal. The external ﬁxation after surgery was not required for all
patients. They were allowed to take some muscle and knuckle ex-
ercise on injured limb. Full weight bearing was allowed according
to fracture union effect after 8e12 weeks. Radiographic follow-up
were performed at regular intervals.
3. Results
All patients were followed up after surgery. The mean follow-up
period was 28 months (range 24e35 months). The average time
spent in hospital before operation was 15 h (range 6e26 h). The
average time of surgery was 85 min (range 60e100 min). And the
mean perioperative blood loss was 230 ml (range 150e450 ml).
Postoperative complications, such as wound infection, deep venous
thrombosis, coax vara and femoral head perforation of screws, were
not observed in any patients. In all patients, the uneventful frac-
tures healing and union were achieved by 4 months (range 2e7
months). No patient had poor function or failure, and all were
satisﬁed with their postoperative outcomes at the latest follow-up.
The average Harris score of surgery was 85 points (range 71e98
points).
Fig. 2. Anteroposterior (a) and lateral (b) radiographs obtained 1 week after initial ﬁxation.
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Subtrochanteric fractures occur in a zone extending from the
lesser trochanter to 5 cm distal to the lesser trochanter, and accountFig. 3. Anteroposterior (a) and lateral (b) radiografor 10e34% of all hip fractures. Subtrochanteric area ranges from
intertrochanteric cancellous bone to femoral cortical bone, and its
cortex is weaker compared to other parts of femur. Meanwhile,
muscles, such as gluteus medius, gluteus minimus, adductor andphs obtained 4 months after initial ﬁxation.
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ORIGINAL RESEARCHhamstring may lead to fracture displacement. Moreover, proximal
femur displays the limited area caused by many kinds of stresses,
such as tensile force (the medial cortex is subjected to compression
forces and the lateral cortex is subjected to tensile force [14,17]) and
rotation stress on horizontal plane, as well as axial stress on sagittal
plane. Therefore, these fractures are relatively difﬁcult to treat
compared to intertrochanteric fractures.
Femoral reconstruction nail is a common method for treat-
ment of subtrochanteric fractures [18]. However, for the 32-A3.3
type fractures, the enter point of nail located on the fracture site
or fracture line may easily cause fracture separation or fracture
re-displacement as well as complications, such as intra-operative
reduction difﬁculty and unsatisfactory reduction. Moreover, the
proximal locking screws are susceptible to the integrity of lateral
bone cortex, and it has been reported that the failure rate can
reach to 27.7%. For the AO 32-A3.1 type and 32-A2.3 type frac-
tures, the distal bone fragments show angular displacement, and
they are unable to insert the guide pin into distal medullary cavity
effectively. Even if the guide pin is inserted, it is easily leads to
angular ﬁxation, because the fracture site is comminuted
displacement. For intramedullary ﬁxation, it is difﬁcult to use
indirect reduction technology, such as Kirschner wires for tem-
porary ﬁxation. Meanwhile, because the patient is positioned
supine, his or her tensor fascia lata is too tense under traction to
incise. Even the fascia lata is incised, its reduction would be very
difﬁcult. And, once it is incised, the surgical time is increased, and
this lead to more blood loss. Besides, the patients, who have
narrowed medullary capacity, free bone fragments in greater tu-
berosity and coronal fracture at intertrochanter, have some
contraindications.
The LISS-DF [19,20] is a new type of implant system for the
treatment of distal femoral fractures according to the principles of
“BO”. A plate, pre-contoured to the anatomy, is inserted through a
minimally invasive incision into the epiperiosteal space by means
of an aiming device after indirect, closed fracture reduction [21]. A
comparison between the dynamic condylar screw (DCS) and LISS,
in biomechanical studies showed greater ability of LISS to with-
stand higher loads, thus providing more stable ﬁxation than the
conventional implants [22]. LISS can reduce stress to bone interface,
and consequently the blood transportation of periosteum is kept
smoothly. Besides, the framework, which is built between the
screw and the lock of plate, provides support for the fracture, thus
stress from any direction will not inﬂuence the stability of fracture,
and early postoperative functional exercise become possible. The
normal neck-shaft angle, leg length and leg force line are easily
restored, and coax vara can be avoided. The proximal screw, with
diameter of 6.5 mm, has less incision to femoral head, and prevents
femoral head from perforation of screws. Moreover, the screw can
be multi-directional ﬁxed, so the aggravating fracture or displace-
ment happens difﬁcultly.
Attentions should be paid on the normal neck-shaft angle,
anteversion angle and especially the force line of lower limb when
performing traction reduction. The proximal end of LISS-DF plate
should be placed in the middle-posterior position of the greater
tuberosity in the side position, so the proximal screw will be
located at the central part of femoral neck in lateral position.
Meanwhile, the proximal screw should be as long as possible (close
to the femoral cortex) to increase the stability of the proximal end.
In fact, the distal end of LISS-DF plate is not easy to attach to the
distal femur completely, because it is not only designed for sub-
trochanteric fracture, though it has the similar anterior arch with
femur. The longer LISS-DF plate we used, the more attention should
be paid on the placement of the LISS-DF plate. Part of the distal
locking screws can be chosen for bi-cortical ﬁxation to increase the
pullout strength [23].We also used the LISS-DF in lateral position for treating 32-A3.3
type fractures. We found that the angulation was observed obvi-
ously in fracture fragments, and it is impossible for close reduction.
Therefore, we immediately placed the patient in lateral position
after removing the traction frame, and performed partly open
reduction internal ﬁxation with LISS-DF. The advantages of lateral
position were the easier reduction ﬁxation and plate placement,
while the disadvantage was the extended soft-tissue damage
accompanied with blood loss. Consequently, we assumed that
lateral position directly is effective for subtrochanteric fracture
when open reduction is required. However, the perspective prob-
lems of lateral position should be taken into account before surgery.
The hip should be ﬁxed ﬂoatingly (similar to the open reduction of
acetabular fracture) for radiograph of injured side at lateral
position.
Because the LISS-DF plate belongs to screw-plate system, its
anti-shearing ability is poorer than intramedullary nail system,
patients with LISS-DF plate were not allowed to weight bearing in
early postoperative period. Besides, the LISS-DF system is ﬁt for
distal femur fracture, so we reversed the plate to treat some sub-
trochanteric fractures to ensure the plate cannot attach to the distal
femur completely. The surgeons should be very careful when they
placed the plate to proximal femur.
In conclusion, we reported here an alternative method for some
unstable subtrochanteric fracture, such as 32-A3.3 type, 32-A3.1
type and 32-A2.3 type fractures. It is no doubt that intramedullary
ﬁxation is a primary choice for subtrochanteric fracture. We
recommend this reverse LISS as an option for fractures that are
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